The fruits of the edible and medicinal Egyptian palm, Medemia argun, were collected from Aswan in Egypt and the essential oil (EO) from fruits and headspace (HS) of the seeds and fleshy mesocarps were analyzed by GC and GC-MS. Results obtained by GC-MS analysis indicated a high variability in the oil and in the headspace from seeds and mesocarps. Sesquiterpene derivatives were the main group of volatiles in the EO from fruits and in the HS from seeds (45.0 and 64.0%, respectively), while oxygenated hydrocarbon derivatives were the main constituents in the HS obtained from fleshy mesocarps (96.5%). The different chemical composition of the headspace obtained from the seeds and mesocarps of M. argun can be correlated with the different roles that the different constituents play in the prevention of dehydration of the fruits in the desert region from where the plant was collected.
Different authors make different claims for the edibility of the fruit. Some of them state that they are bitter and inedible [10] , while others suggest that the thin fruit flesh is sweet [11] and may have been acceptable to the ancient tastes, especially to those living in the desert where fruits were scarce [12] . It is also said that Nubian people processed M. argun fruits by burying them in the ground for some time to increase palatability [3] . According to Loutfy Boulos, the fruits are buried for a period, during which the endosperm develops a sweet taste that is similar to coconut [12] . The fleshy mesocarp of the fruits are eaten and the juice of H. thebiaca (Doum) and M. argun (Argun) are popular in Egypt and believed to be good for hypertension [13] . The leaves are used for making mats and ropes [3, 11, 14] . A tentative record of matting fragments in a presynaptic tomb in Adaima in Upper Egypt has been reported [4] , which, if confirmed, would pre-date even the oldest fruit record.
The significance of the palm in ancient Egypt remains a mystery. Nowadays, there are only a few localities in which this palm is found, and in most cases the populations there consist of very few individuals. In addition, a small nursery has been established in Aswan as an ex-situ resource, while seedlings have been distributed as part of a local awareness campaign. No detailed pharmacological and phytochemical studies have been reported for M. argun., and there is no published information on its essential oil composition. Therefore, we used hydrodistillation to extract the essential oil of fleshy mesocarps and seeds of M. argun fruits and analyzed it using GC/FID and GC/MS. The essential oil and static headspace from fruits, seeds and mesocarps of M. argun were analyzed by GC-MS in order to explain the chemical composition of the volatile fraction. The present work constitutes the first phytochemical analysis of M. argun fruit essential oil and static headspace. The oil yield was < 0.1%, based on the dry weight of fruits. Table 1 shows the aroma compounds detected in M. argun fruit samples. Results of the qualitative and quantitative oil and headspace analyses are listed in order of elution of the compounds from the HP-5 capillary column. In total, sixty-nine compounds were identified in the essential oil (EO), accounting for 95.1 ± 1.1% of the volatile constituents. Sesquiterpene derivatives and oxygenated hydrocarbons were the main constituents in the EO NPC Natural Product Communications 2012 Vol. 7 No. 5 633 -636 (43.7 ± 0.5 and 40.5 ± 0.5%, respectively). The major volatile constituents were tau-cadinol (20.6 ± 0.02%), β-caryophyllene (7.8 ± 0.1%), n-nonanal (7.4 ± 0.06%) and methyl octanoate (7.1 ± 0.07 %) [15, 16] .
The headspace portion from the seeds was characterized by sesquiterpenes (64.0%), in particular sesquiterpene hydrocarbon derivatives (39.7%), and the main constituents observed were δ-cadinene (13.0%), tau-cadinol (11.9%), trans-γ-cadinene (5.9%) and ethyl octanoate (5.7%).
In total fifty-nine compounds were identified in the HS from the seeds and only eighteen in the mesocarp portion. The HS composition of the mesocarp was more different than the EO and seed headspace. The mesocarp showed a high percentage of oxygenated hydrocarbon derivatives (96.5%), while the terpenoid derivatives were present in minimum amounts (1.3 and 0.07% respectively). In the mesocarp HS the main constituents were the oxygenated hydrocarbons methyl octanoate (49.1%), ethyl octanoate (4.3%), octanoic acid (32.3%) and n-nonanal (5.3%).
A few compounds detected in the M. argun fruit samples remain unidentified. Compounds 1, 2, 3 and 4 are probably sesquiterpene derivatives; compound 5 is a linear hydrocarbon derivative, while compounds 6 and 7 are of an unknown structure and origin.
The results obtained from GC-MS analysis of the essential oil of the fruits and the headspace of the mesocarps and the seeds showed differences between the constituents present in the external part of the fruits (mesocarps) and internal part (seeds); the chemical composition of the essential oil studied is a mixture of components from mesocarps and seeds. The almost exclusive presence of hydrocarbon derivatives in the mesocarps can probably be attributed to their action in preventing the dehydration of the fruits. This function is most important in the desert region where this palm usually grows. The total amount (26.1%) in the EO of cadinane skeleton compounds (tau-cadinol, δ-cadinene and trans-γ-cadinene) is very interesting for their possible antifungal activity of the oil. In fact, cadinane skeleton compounds exhibit strong antifungal activity [17] [18] .
Based on the results of the volatile analysis by HS-GC and SPME-GC-MS of the fleshy mesocarp of M. argun fruits, it can be concluded that the characteristic odor of the fruits is made up by the profiles of the volatile constituents. Many of these compounds are known for their medicinal and anti-oxidative properties [19] [20] [21] . Moreover, fresh M. argun fruits have a better aroma quality in terms of a higher amount of the key aroma compound, octanoate, and a lower content of the off-odor, n-hexanal. The high content of cadinane skeleton compounds (tau-cadinol, δ-cadinene and trans-γ-cadinene) in seeds is very interesting for their possible antifungal and antibacterial activities of the oil, and it can be assumed that the ancient Egyptians used it to preserve dead bodies, or as a medicine [17, 18, [22] [23] . Also, a different chemical composition of the headspace obtained from the seeds and fleshy mesocarps of M. argun can be correlated with different roles that the different constituents play in preventing dehydration of the fruits, and to combat fungal attack where the plant grows [24, 25] .
Essential oil extraction:
The ripe fruits (1.5 kg) were collected from 3 different trees, dried at room temperature (25-30°C) and protected from light for one week. Three replicates of the fruit parts (70 g) were separately subjected to hydro-distillation for 2 h in a glass Clevenger-type apparatus and kept refrigerated at 8°C until used according to the procedure described in the European Pharmacopoeia [26] . The essential oils collected over water, were dried over anhydrous sodium sulfate and preserved under refrigeration up to the time of analysis. The oil yield and all test data are the average of triplicate analyses.
Solid phase micro extraction (SPME):
A SPME fiber with a 30 mm layer of polydimethylsiloxane (PDMS, 100 µm, Supelco, Bellfonte, PA, USA) was used for the absorption of the volatile constituents. One g of flesh mesocarps and seeds were placed in 5 mL glass vials. The SPME needle was exposed in the headspace of the vial at room temperature (20°C) for 10 mins. Before use, the fiber was conditioned following instructions from the manufactures, and cleaned at 250°C for 5 min. Then it was removed from the vial and introduced into the GC injector. Three mins thermal desorption was carried out.
Analysis of the essential oil and headspace: GC analysis was
accomplished with a HP-5890 Series II instrument equipped with a HP-5 capillary column (30 m X 0.25 mm, 0.25 µm film thickness), working with the following temperature program: 60°C for 10 min, rising at 5°C/min to 220°C. The injector and detector temperatures were maintained at 250°C; carrier gas nitrogen (2 mL/min); detector dual, FID; split ratio 1:30. The volume injected was 0.5 µL. The relative proportions of the oil constituents were percentages obtained by FID peak-area normalization without the use of a response factor. GC/EIMS analysis was performed with a Varian CP-3800 gas chromatography equipped with a HP-5 capillary column (30 m X 0.25 mm; film thickness 0.25 µm) and a Varian Saturn 2000 ion trap mass detector. Analytical conditions: injector and transfer line temperature 220°C and 240°C, respectively; oven temperature programmed from 60°C -240°C at 3°C/min.; carrier gas helium at a flow rate of 1 mL/min.; split ratio 1:30. Mass spectra were recorded at 70 eV. The acquisition mass range was m/z 30-300 at a scan rate of 1 scan/sec. The GCMS analysis was repeated 5 times for the essential oil sample.
Identification of the essential oil and headspace constituents was based on comparison of the retention time of pure reference material and by means of their Linear Retention Indices (L.R.I.) relative to a series of n-hydrocarbons (C 9 -C 40 ) on two different columns. In addition to that, a computer matching of mass spectra with two commercial data bases (ADAMS 1995, NIST 2000), as well as an experimental homemade library mass spectrum built up from either pure substances or known oils were used. Moreover, the molecular weight of all the identified substances was confirmed by GC/CIMS, using MeOH as CI ionizing gas.
